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1  Introduction	 ﾠ
A	 ﾠ workshop	 ﾠ organized	 ﾠ by	 ﾠ the	 ﾠ PAGES1/CLIVAR2	 ﾠ Working	 ﾠ Group	 ﾠ on	 ﾠ using	 ﾠ paleo-ﾭ‐
climate	 ﾠmodel/data	 ﾠcomparisons	 ﾠto	 ﾠconstrain	 ﾠfuture	 ﾠprojections	 ﾠtook	 ﾠplace	 ﾠat	 ﾠthe	 ﾠ
Bishop	 ﾠMuseum	 ﾠin	 ﾠHonolulu,	 ﾠHawaii,	 ﾠon	 ﾠ1-ﾭ‐3	 ﾠMarch,	 ﾠ2012.	 ﾠ	 ﾠ
The	 ﾠmain	 ﾠobjective	 ﾠof	 ﾠthe	 ﾠworkshop	 ﾠwas	 ﾠto	 ﾠbring	 ﾠtogether	 ﾠmodelers,	 ﾠtheoreticians	 ﾠ
and	 ﾠ paleo-ﾭ‐climatologists	 ﾠ to	 ﾠ start	 ﾠ to	 ﾠ analyse	 ﾠ results	 ﾠ from	 ﾠ the	 ﾠ Coupled	 ﾠ Model	 ﾠ
Intercomparison	 ﾠProject	 ﾠ(Phase	 ﾠ5)	 ﾠ(CMIP5)	 ﾠsimulation	 ﾠdatabase	 ﾠ(see	 ﾠsections	 ﾠ3	 ﾠand	 ﾠ
4	 ﾠ for	 ﾠ agenda	 ﾠ and	 ﾠ list	 ﾠ of	 ﾠ participants,	 ﾠ respectively).	 ﾠ The	 ﾠ CMIP5	 ﾠ project	 ﾠ is	 ﾠ a	 ﾠ
community	 ﾠwide	 ﾠeffort	 ﾠto	 ﾠprovide	 ﾠstandard	 ﾠprotocols	 ﾠfor	 ﾠclimate	 ﾠmodel	 ﾠsimulations	 ﾠ
covering	 ﾠ the	 ﾠ historical	 ﾠ instrumental	 ﾠ period,	 ﾠ future	 ﾠ projections	 ﾠ and	 ﾠ a	 ﾠ number	 ﾠ of	 ﾠ
idealized	 ﾠsimulations	 ﾠto	 ﾠaid	 ﾠthe	 ﾠunderstanding,	 ﾠdetection	 ﾠand	 ﾠattribution	 ﾠof	 ﾠclimate	 ﾠ
change.	 ﾠ Significantly,	 ﾠ and	 ﾠ for	 ﾠ the	 ﾠ first	 ﾠ time,	 ﾠ there	 ﾠ is	 ﾠ a	 ﾠ concurrent	 ﾠ paleo-ﾭ‐climate	 ﾠ
component	 ﾠ(in	 ﾠcollaboration	 ﾠwith	 ﾠthe	 ﾠPaleoclimate	 ﾠModel	 ﾠIntercomparison	 ﾠProject	 ﾠ
Phase	 ﾠ3:	 ﾠPMIP3)	 ﾠthat	 ﾠuses	 ﾠthe	 ﾠsame	 ﾠmodels	 ﾠfor	 ﾠthree	 ﾠspecific	 ﾠexperiments	 ﾠcovering	 ﾠ
the	 ﾠLast	 ﾠGlacial	 ﾠMaximum	 ﾠ(LGM,	 ﾠ20,000	 ﾠyears	 ﾠago),	 ﾠthe	 ﾠMid-ﾭ‐Holocene	 ﾠ(MH,	 ﾠ6000	 ﾠ
years	 ﾠago)	 ﾠand	 ﾠthe	 ﾠLast	 ﾠMillennium	 ﾠ(a	 ﾠtransient	 ﾠsimulation	 ﾠfrom	 ﾠ850	 ﾠto	 ﾠ1850	 ﾠCE)	 ﾠ
(Taylor	 ﾠet	 ﾠal.,	 ﾠ2012).	 ﾠ	 ﾠ
Comparisons	 ﾠ of	 ﾠ paleo-ﾭ‐climate	 ﾠ simulations	 ﾠ and	 ﾠ proxy	 ﾠ observation	 ﾠ have	 ﾠ a	 ﾠ long	 ﾠ
history	 ﾠ via	 ﾠ earlier	 ﾠ incarnations	 ﾠ of	 ﾠ PMIP	 ﾠ and	 ﾠ many	 ﾠ individual	 ﾠ studies,	 ﾠ which	 ﾠ
motivated	 ﾠ comprehensive	 ﾠ data	 ﾠ syntheses.	 ﾠ However,	 ﾠ it	 ﾠ has	 ﾠ been	 ﾠ a	 ﾠ challenge	 ﾠ to	 ﾠ
quantitatively	 ﾠ link	 ﾠ the	 ﾠ future	 ﾠ simulations	 ﾠ with	 ﾠ skill	 ﾠ or	 ﾠ sensitivity	 ﾠ in	 ﾠ the	 ﾠ paleo-ﾭ‐
climate	 ﾠsimulations.	 ﾠThere	 ﾠare	 ﾠa	 ﾠnumber	 ﾠof	 ﾠreasons	 ﾠfor	 ﾠthis,	 ﾠnot	 ﾠleast	 ﾠbecause	 ﾠpaleo-ﾭ‐
simulations	 ﾠwere	 ﾠoften	 ﾠnot	 ﾠperformed	 ﾠwith	 ﾠthe	 ﾠsame	 ﾠmodels	 ﾠbeing	 ﾠused	 ﾠfor	 ﾠfuture	 ﾠ
projections	 ﾠ and	 ﾠ through	 ﾠ a	 ﾠ lack	 ﾠ of	 ﾠ suitable	 ﾠ paleo-ﾭ‐climate	 ﾠ metrics,	 ﾠ predominantly	 ﾠ
large	 ﾠscale	 ﾠsyntheses	 ﾠof	 ﾠthe	 ﾠproxy	 ﾠdata.	 ﾠThe	 ﾠworkshop	 ﾠfocused	 ﾠspecifically	 ﾠon	 ﾠthis	 ﾠ
missing	 ﾠstep	 ﾠ–	 ﾠhow	 ﾠto	 ﾠmake	 ﾠthe	 ﾠquantitative	 ﾠconnections,	 ﾠso	 ﾠthat	 ﾠpaleo-ﾭ‐climate	 ﾠcan	 ﾠ
become	 ﾠdemonstrably	 ﾠuseful	 ﾠfor	 ﾠconstraining	 ﾠfuture	 ﾠprojections.	 ﾠ
	 ﾠ
	 ﾠ 	 ﾠ
                                                 
1	 ﾠPast	 ﾠGlobal	 ﾠChanges,	 ﾠa	 ﾠproject	 ﾠof	 ﾠthe	 ﾠInternational	 ﾠGeosphere-ﾭ‐Biosphere	 ﾠProgramme	 ﾠ
2	 ﾠClimate	 ﾠVariability	 ﾠand	 ﾠPredictability,	 ﾠa	 ﾠproject	 ﾠof	 ﾠthe	 ﾠWorld	 ﾠClimate	 ﾠResearch	 ﾠProgramme	 ﾠ 
 
2  Discussion	 ﾠ
The	 ﾠworkshop	 ﾠbegan	 ﾠwith	 ﾠa	 ﾠfull	 ﾠdiscussion	 ﾠabout	 ﾠthe	 ﾠnature	 ﾠof	 ﾠthe	 ﾠmulti-ﾭ‐model	 ﾠ
ensemble	 ﾠ of	 ﾠ opportunity	 ﾠ and	 ﾠ the	 ﾠ techniques	 ﾠ available	 ﾠ for	 ﾠ assessing	 ﾠ model	 ﾠ skill.	 ﾠ
Evidence	 ﾠwas	 ﾠpresented	 ﾠthat	 ﾠindicated	 ﾠthat	 ﾠthe	 ﾠcurrent	 ﾠmodels	 ﾠdon’t	 ﾠdiffer	 ﾠin	 ﾠkind	 ﾠ
from	 ﾠ previous	 ﾠ efforts	 ﾠ 	 ﾠ (and	 ﾠ so	 ﾠ previous	 ﾠ work	 ﾠ can	 ﾠ be	 ﾠ analysed	 ﾠ in	 ﾠ the	 ﾠ same	 ﾠ
framework)	 ﾠand	 ﾠthat	 ﾠthere	 ﾠis	 ﾠsome	 ﾠreason	 ﾠto	 ﾠexpect	 ﾠthat,	 ﾠparticularly	 ﾠfor	 ﾠthe	 ﾠLGM,	 ﾠ
the	 ﾠmodel	 ﾠspread	 ﾠlikely	 ﾠencompasses	 ﾠthe	 ﾠobservations.	 ﾠIt	 ﾠwas	 ﾠwidely	 ﾠacknowledged	 ﾠ
that	 ﾠfinding	 ﾠmetrics	 ﾠwhich	 ﾠcan	 ﾠboth	 ﾠbe	 ﾠassessed	 ﾠgiven	 ﾠpaleo-ﾭ‐climate	 ﾠobservations	 ﾠ
and	 ﾠdistinguish	 ﾠbetween	 ﾠmodel	 ﾠprojections	 ﾠof	 ﾠthe	 ﾠfuture,	 ﾠremains	 ﾠa	 ﾠchallenge.	 ﾠ	 ﾠ
The	 ﾠremainder	 ﾠof	 ﾠthe	 ﾠworkshop	 ﾠwas	 ﾠfocused	 ﾠon	 ﾠspecific	 ﾠuncertainties	 ﾠhighlighted	 ﾠin	 ﾠ
IPCC	 ﾠAR43	 ﾠfor	 ﾠwhich	 ﾠthere	 ﾠare	 ﾠsome	 ﾠclear	 ﾠindications	 ﾠthat	 ﾠpaleo-ﾭ‐climate	 ﾠmight	 ﾠhelp,	 ﾠ
specifically,	 ﾠ patterns	 ﾠ of	 ﾠ regional	 ﾠ rainfall,	 ﾠ temperature	 ﾠ seasonality,	 ﾠ climate	 ﾠ
sensitivity,	 ﾠ ocean-ﾭ‐atmosphere	 ﾠ modes	 ﾠ in	 ﾠ the	 ﾠ tropical	 ﾠ Pacific,	 ﾠ the	 ﾠ response	 ﾠ of	 ﾠ the	 ﾠ
North	 ﾠAtlantic	 ﾠMeridional	 ﾠCirculation,	 ﾠand	 ﾠspectra	 ﾠof	 ﾠclimate	 ﾠvariability.	 ﾠ	 ﾠ
Assessments	 ﾠof	 ﾠclimate	 ﾠsensitivity	 ﾠusing	 ﾠthe	 ﾠLGM	 ﾠare	 ﾠvery	 ﾠpromising,	 ﾠwith	 ﾠa	 ﾠlarge	 ﾠ
increase	 ﾠin	 ﾠavailable	 ﾠand	 ﾠrelevant	 ﾠsimulations	 ﾠover	 ﾠPMIP2,	 ﾠand	 ﾠin	 ﾠthe	 ﾠpreliminary	 ﾠ
data	 ﾠthere	 ﾠappears	 ﾠto	 ﾠbe	 ﾠa	 ﾠcorrelation	 ﾠof	 ﾠverifiable	 ﾠtemperature	 ﾠpatterns	 ﾠat	 ﾠthe	 ﾠLGM	 ﾠ
to	 ﾠfuture	 ﾠprojections	 ﾠ(Figure	 ﾠ1).	 ﾠLarge	 ﾠscale	 ﾠchanges	 ﾠin	 ﾠrainfall	 ﾠpatterns	 ﾠare	 ﾠalso	 ﾠ
very	 ﾠpromising	 ﾠtargets,	 ﾠwith	 ﾠa	 ﾠclear	 ﾠcoherence	 ﾠof	 ﾠtropical	 ﾠrainband	 ﾠshifts	 ﾠin	 ﾠlatitude	 ﾠ
as	 ﾠa	 ﾠfunction	 ﾠof	 ﾠequatorial	 ﾠsea	 ﾠsurface	 ﾠtemperature	 ﾠgradients	 ﾠacross	 ﾠall	 ﾠthe	 ﾠmodel	 ﾠ
simulations.	 ﾠOcean	 ﾠcirculation	 ﾠmetrics	 ﾠ–	 ﾠwhether	 ﾠfor	 ﾠthe	 ﾠoverturning	 ﾠcirculation	 ﾠor	 ﾠ
the	 ﾠspectral	 ﾠcharacter	 ﾠof	 ﾠtropical	 ﾠPacific	 ﾠocean-ﾭ‐atmosphere	 ﾠdynamics,	 ﾠincluding	 ﾠEl	 ﾠ
Niño/Southern	 ﾠ Oscillation	 ﾠ –	 ﾠ are	 ﾠ not	 ﾠ quite	 ﾠ at	 ﾠ the	 ﾠ same	 ﾠ stage	 ﾠ due	 ﾠ to	 ﾠ a	 ﾠ lack	 ﾠ of	 ﾠ
sufficiently	 ﾠconstraining	 ﾠproxies,	 ﾠand	 ﾠcontinuing	 ﾠuncertainty	 ﾠof	 ﾠthe	 ﾠsampling	 ﾠbiases	 ﾠ
arising	 ﾠfrom	 ﾠthe	 ﾠshort	 ﾠtime	 ﾠover	 ﾠwhich	 ﾠmodern	 ﾠobservations	 ﾠhave	 ﾠbeen	 ﾠcollected.	 ﾠ	 ﾠ
Participants	 ﾠ at	 ﾠ the	 ﾠ workshop	 ﾠ are	 ﾠ working	 ﾠ on	 ﾠ a	 ﾠ full	 ﾠ white	 ﾠ paper	 ﾠ describing	 ﾠ the	 ﾠ
approaches	 ﾠ that	 ﾠ can	 ﾠ be	 ﾠ taken	 ﾠ and	 ﾠ highlighting	 ﾠ the	 ﾠ preliminary	 ﾠ results,	 ﾠ but	 ﾠ one	 ﾠ
conclusion	 ﾠis	 ﾠalready	 ﾠclear:	 ﾠpaleo-ﾭ‐climate	 ﾠsimulations	 ﾠhave	 ﾠcome	 ﾠof	 ﾠage	 ﾠas	 ﾠpart	 ﾠof	 ﾠ
the	 ﾠsuite	 ﾠof	 ﾠevaluations	 ﾠany	 ﾠmodel	 ﾠmust	 ﾠundergo.	 ﾠ
	 ﾠ
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Figure	 ﾠ 1:	 ﾠ Preliminary	 ﾠ results	 ﾠ from	 ﾠ the	 ﾠ CMIP5	 ﾠ archive	 ﾠ showing	 ﾠ the	 ﾠ multi-ﾭ‐model	 ﾠ
ensemble	 ﾠ for	 ﾠ temperature	 ﾠ differences	 ﾠ at	 ﾠ the	 ﾠ LGM	 ﾠ and	 ﾠ in	 ﾠ idealized	 ﾠ increased	 ﾠ CO2	 ﾠ
experiments.	 ﾠ Left-ﾭ‐hand	 ﾠ panel	 ﾠ shows	 ﾠ the	 ﾠ robust	 ﾠ relationship	 ﾠ between	 ﾠ the	 ﾠ tropical	 ﾠ
ocean	 ﾠand	 ﾠtropical	 ﾠland	 ﾠtemperatures	 ﾠin	 ﾠboth	 ﾠcold	 ﾠand	 ﾠwarm	 ﾠclimates	 ﾠ(data	 ﾠaveraged	 ﾠ
only	 ﾠwhere	 ﾠthere	 ﾠare	 ﾠobservations).	 ﾠRight	 ﾠhand	 ﾠpanel	 ﾠshows	 ﾠequivalent	 ﾠresults	 ﾠfor	 ﾠthe	 ﾠ
North	 ﾠAtlantic	 ﾠand	 ﾠEurope.	 ﾠThe	 ﾠblue	 ﾠcrosses	 ﾠindicate	 ﾠthe	 ﾠresults	 ﾠ(with	 ﾠuncertainties)	 ﾠ
from	 ﾠ the	 ﾠ observational	 ﾠ data	 ﾠ syntheses	 ﾠ from	 ﾠ the	 ﾠ LGM	 ﾠ (figure	 ﾠ courtesy	 ﾠ of	 ﾠ Masa	 ﾠ
Kageyama).	 ﾠ
	 ﾠ 	 ﾠ 
 
3  Agenda	 ﾠ
	 ﾠ
Thursday	 ﾠ1st	 ﾠMarch:	 ﾠ
Morning	 ﾠSession:	 ﾠDiscussion	 ﾠof	 ﾠgeneral	 ﾠissues	 ﾠ
1  The	 ﾠnature	 ﾠof	 ﾠthe	 ﾠmulti-ﾭ‐member	 ﾠensemble	 ﾠ
2  Role	 ﾠof	 ﾠout-ﾭ‐of-ﾭ‐sample	 ﾠevaluation	 ﾠof	 ﾠclimate	 ﾠmodels	 ﾠ
3  Statistical	 ﾠ framework	 ﾠ –	 ﾠ inference,	 ﾠ inverse/forward	 ﾠ models,	 ﾠ initial	 ﾠ
condition/structural	 ﾠuncertainty	 ﾠ
4  Paleo-ﾭ‐climate	 ﾠsimulations	 ﾠin	 ﾠPMIP3/CMIP5	 ﾠ	 ﾠ
5  Data	 ﾠsyntheses	 ﾠ
Afternoon	 ﾠSession:	 ﾠHydrological	 ﾠclimate	 ﾠtest	 ﾠcase	 ﾠ	 ﾠ
1  Regional	 ﾠrainfall	 ﾠ	 ﾠ
2  ENSO	 ﾠvariability	 ﾠand	 ﾠchanges	 ﾠin	 ﾠmean	 ﾠstate	 ﾠ
Evening:	 ﾠPublic	 ﾠevent	 ﾠat	 ﾠBishop	 ﾠMuseum	 ﾠ
	 ﾠ
Friday	 ﾠ2nd	 ﾠMarch:	 ﾠ
Morning	 ﾠSession:	 ﾠOther	 ﾠAR4	 ﾠuncertainties	 ﾠ	 ﾠ
1  Sea	 ﾠlevel	 ﾠrise/ice	 ﾠsheet	 ﾠsensitivity	 ﾠ	 ﾠ
2  Meridional	 ﾠoverturning	 ﾠcirculation/sea	 ﾠice	 ﾠ
Afternoon	 ﾠSession:	 ﾠAR4	 ﾠuncertainties	 ﾠ(cont.)	 ﾠ	 ﾠ
1  Climate	 ﾠ sensitivity,	 ﾠ lessons	 ﾠ from	 ﾠ volcanic/solar	 ﾠ perturbations,	 ﾠ polar	 ﾠ
amplification	 ﾠ	 ﾠ
2  Biogeochemical	 ﾠfeedbacks	 ﾠ(carbon	 ﾠcycle,	 ﾠmethane,	 ﾠdust,	 ﾠaerosols,	 ﾠozone	 ﾠetc.)	 ﾠ	 ﾠ
3  Extreme	 ﾠevents	 ﾠ(i.e.	 ﾠpaleo-ﾭ‐tempestology,	 ﾠhistorical	 ﾠclimate)	 ﾠ
Workshop	 ﾠdinner	 ﾠ
	 ﾠ
Saturday	 ﾠ3rd	 ﾠMarch:	 ﾠ
Morning	 ﾠsession:	 ﾠBreakout	 ﾠgroups	 ﾠ	 ﾠ
1  Breakout	 ﾠgroups	 ﾠon	 ﾠprogress	 ﾠso	 ﾠfar	 ﾠand	 ﾠneeded	 ﾠwork	 ﾠ
Afternoon	 ﾠsession:	 ﾠDrafting	 ﾠ	 ﾠ
1  Reports	 ﾠfrom	 ﾠbreakout	 ﾠgroups	 ﾠ	 ﾠ
2  Drafting	 ﾠdiscussion	 ﾠof	 ﾠ“best	 ﾠpractice”	 ﾠwhite	 ﾠpaper/hydrological	 ﾠclimate	 ﾠexample	 ﾠ
	 ﾠ
End	 ﾠof	 ﾠmeeting	 ﾠ 	 ﾠ 
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